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Pro 1. Carmen Rubio,
Ph.D.
How reliable is embryonic cell-free
deoxyribonucleic acid (cfDNA) versus
trophectoderm DNA (teDNA) as a representative
of embryo chromosomal constitution?

Since the first study that identified embryonic cfDNA in
spent blastocyst media (1), its potential as a new noninva-
sive preimplantation genetic test for aneuploidy (niPGT-A)
to assess embryo chromosome copy number has become
evident. Since then, several studies have explored the
concordance between the copy number of this cfDNA and
amplified DNA obtained from polar bodies (2), trophecto-
derm biopsies (teBxs) (3–9), and whole blastocysts (3, 7,
10, 11).

The reported informativity rates of cfDNA in terms of suc-
cessful amplification and interpretable results using next-
generation sequencing (NGS) ranged between 80% and
100%. The concordance rates of cfDNA with DNA from teBxs
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Con 1. David H. Barad,
M.D., M.S.
How reliable is embryo cfDNA versus teDNA as a
representative of embryo chromosomal
constitution?

Both cfDNA and teDNA reliably and consistently help identify
euploid blastocysts with a low false-negative rate. However,
consistency is different from validity, which is the extent to
which a system measures what it claims to measure. The
absence of validity can have several causes, including
improper sampling or biologic factors that, at the blastocyst
stage, make any testing of embryo ploidy inappropriate. The
lack of validity of cfDNA and teDNA tests can lead to false-
positive diagnoses and the loss of euploid pregnancies.

Preimplantation genetic testing for aneuploidy in its
earliest form was discredited as being harmful to embryos
and inaccurate (44, 45). Switching embryo biopsy stage from
cleavage to blastocyst stage was predicated for improving em-
bryo sampling at a stage when mosaicism was thought to be
close. C.S. is founder and head of the sci-
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varied widely, up to 89.1% for thawed, biopsied blastocysts
(7). Interestingly, the cfDNA concordance rate with the DNA
of whole blastocysts reached 93.8% (7). This result strongly
suggested that embryo cfDNA is robust and can be more
representative of embryo chromosomal status than teBxs
(7). Further, our recent study (9) obtained concordance rates
of cfDNA similar to those of teBx and inner cell mass (ICM)
biopsy (87.5% and 84.5%, respectively).

Is embryo cfDNA secretion related to embryo
chromosomal self-correction and/or apoptosis?

Apoptosis during preimplantation development has been
proposed as a potential mechanism for embryo DNA shed-
ding because of the embryo’s rapid, dynamic transforma-
tion during late preimplantation development (12).
Apoptotic DNA is compromised because of the degradation
processes and, therefore, does not provide robust diagnostic
information. However, cfDNA exhibits high concordance
with teBxs and whole blastocysts. Further, in cases of
low-quality blastocysts (e.g., aneuploids), high degrees of
apoptosis are expected to lead to shedding of high quanti-
ties of DNA. However, this is not the case; the informativity
and concordance rates in moderate- or low-quality blasto-
cysts are similar to those of good-quality blastocysts (13).
In a recent study, we obtained similar concordance rates
of cfDNA with teBx and ICM biopsy (87.5% and 84.5%,
respectively) (9), in addition to similar DNA quantity in me-
dia from euploid and aneuploid blastocysts, as observed
previously (4). Taken together, these findings instead sup-
ported the hypothesis that cfDNA secretion is a physiologic
phenomenon for each embryo, independent of their quality
and ploidy status and not related to self-correction by
apoptotic events.

What are the reasons that the noninvasive model
will prevail or not over the invasive model?

Noninvasive tests are the ultimate goal in medicine, and
indeed, noninvasive prenatal testing has changed the prac-
tice of prenatal medicine. In in vitro fertilization (IVF)
programs, incorporating preimplantation genetic test for
aneuploidy (PGT-A) improves ongoing pregnancy rates per
transfer and shortens the time to pregnancy while
decreasing miscarriage rates in couples experiencing infer-
tility (14, 15). However, the current practice for PGT-A is
invasive, relying on embryo manipulation (teBX) that
requires dedicated equipment and highly trained personnel
and, therefore, encompasses substantial commitment in
terms of time and cost. Moreover, recent studies have asso-
ciated teBx with a significant increase in pre-eclampsia (16)
and hypertensive disorders (17).

An efficient and reliable noninvasive approach could
offer the benefits of invasive PGT-A without the accompa-
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less prevalent and more genetic material could be safely ob-
tained. In NGS, using a greatly improved diagnostic tool that
allowed for the diagnosis of multiple cell lineages, mosaicism
became a surprisingly common finding in biopsies. Moreover,
mosaic embryoswere shown to have anunexpectedly high po-
tential to achieve viable term pregnancies (34, 35, 46, 47),
albeit some investigators who claimed a lower rate than that
of embryos with euploid biopsy results (47). Considering the
currently available data, the ability of a single teBx to reliably
reflect the ultimate chromosomal fate of an embryo to improve
IVF cycle outcomes must, therefore, be questioned on theoret-
ical (48, 49) and empirical grounds (34, 43, 46, 50).

Cell-free DNA testingwas introduced to eliminate the pre-
sumed damage to embryos caused by teBx and provide amore
comprehensive assessment of an embryo’swhole genome than
that offered by sampling a few cells (10). Although some
studies have found concordance between cfDNA and teBx
(9), others have reported significant discordance between
teDNA and the sampling of whole-embryo DNA (10), mostly
attributed to maternal contamination (in cfDNA) and embry-
onic mosaicism in general. By far, the best correlation has
been reported by Huang et al. (7), with a zero false-negative
rate and positive predictive value and specificity that was bet-
ter with cfDNA than that with traditional teDNA.

The investigators attributed the superiority of their results
over those of practically all other studies published so far to the
careful removal of cumulus cells before intracytoplasmic
sperm injection (i.e., decreasing maternal contamination)
and disregarding consideration of all observed mosaicisms
<60% of the sampled DNA. Although this threshold unques-
tionably lowered the risk of FPRs, it did not eliminate them;
cfDNA and teDNA, indeed, still produced significant FPRs
when compared with whole-embryo DNA (20% and 50%,
respectively), confirming that with both themethods, there re-
mains a significant risk of discarding potentially viable
euploid embryos (7).
Is embryo cfDNA secretion related to embryo
chromosomal self-correction and/or apoptosis?

Mosaic embryos have been observed to have a greater rate of
cell proliferation and cell death compared with euploid em-
bryos. These observations have led to the suggestion that
aneuploid cells selectively leave the embryo as a mechanism
of correction of aneuploidy (51). Mouse embryos eliminate
aneuploid cells of fetal lineage by autophagy and apoptosis
(38, 52), with a similar mechanism more recently also demon-
strated in human embryos and gastruloids (53). In mouse and
human embryos, the elimination of aneuploid cells was more
prevalent in embryonic cell lineage (ICM) than in extraembry-
onic lineage (TE) (38, 53).

The net result of the selective elimination of aneuploid
cells from the blastocyst is the enrichment of the spent media
VOL. 115 NO. 4 / APRIL 2021



PRO: Noninvasive preimplantation genetic
testing for aneuploidy in spent culturemedium
will substitute for trophectoderm biopsy
(continued)

CON: Noninvasive preimplantation genetic
testing for aneuploidy in spent culturemedium
will not substitute for trophectoderm biopsy
(continued)

Fertility and Sterility®
nying technical and financial burdens. Further, the noninva-
sive approach could be offered as a prioritization model, in
which the testing of cfDNA in culture media, in combination
with morphology, could enable ‘‘ranking’’ of viable blasto-
cysts, most likely resulting in a healthy baby. This model
can promote blastocyst prioritization so that providers and
couples can select the best blastocyst for the first embryo
transfer and reserve the others (rather than discard) for subse-
quent transfers.

With advances in scientific and technical knowledge,
research on biomedical microelectromechanical systems is
also developing toward lab-on-a-chip devices. The niPGT-A
approach might lead to a part of IVF development moving
toward automation because the additional steps required to
remove cumulus cell contamination and collect a spent
culture medium can be easily automated.
What additional evidence is needed to support the
pro?

Several publications have provided evidence for the fact that
embryonic cfDNA of blastocysts cultured under different
conditions yields blastocyst concordance rates similar to
those of teBxs (9). However, a strong objection is that an
expanded culture till day 6 is required to obtain sufficient
cfDNA quantity for robust results (6, 18). Accumulated evi-
dence has indicated using aneuploidy testing that vitrified
day-6 blastocysts have ongoing pregnancy rates similar to
those of day-5 blastocysts (19). Tiegs et al. (20) showed no
differences in sustained implantation rates between day-5
and day-6 single embryo transfers in PGT-A cases, with
deferred embryo transfer. This was confirmed by a meta-
analysis that concluded using PGT-A that implantation,
clinical pregnancy, live birth, and ongoing pregnancy rates
were similar for euploid day-5 and day-6 blastocyst trans-
fers (21). These results align with those of previous reports
that used PGT-A, with similar outcomes for day-5 or day-
6 euploid transfers (22–25). A recent study evaluating the
effect of the day of cryopreservation showed that in
frozen transfers of euploid embryos assessed by PGT-A,
the day of cryopreservation did not significantly affect
live birth rates (26).

The remaining question is the potential for this technol-
ogy to improve its reproductive outcome compared with
that of standard IVF. Class I evidence should be obtained
from randomized trials comparing the efficacy of niPGT-A
with that of current IVF practice without PGT-A for different
patient age ranges. In addition, nonselection studies can help
reveal the reproductive potential of different patterns of re-
sults obtained after cfDNA sequencing. Such data can help
inform a scoring system for each pattern according to its
capability of resulting in a healthy live birth so as to facilitate
its use in clinics.
VOL. 115 NO. 4 / APRIL 2021
with cfDNA derived from these aneuploid cells, further
increasing the risk of a false-positive diagnosis. One can infer
that because aneuploid cells are differentially cast off, ICM
becomes progressively more euploid, whereas this process af-
fects TE only to a minor degree. Thus, progressive apoptosis of
aneuploid cells is a mechanism of embryo self-correction.
Blastocyst-stage embryos, therefore, are chromosomally still
‘‘in flux,’’ with their ultimate genetic identity yet to be deter-
mined. Chromosomal testing at the blastocyst stage, there-
fore, appears nonsensical.

What are the reasons that the noninvasive model
will prevail or not over the invasive model?

Noninvasive diagnosis is obviously preferred over invasive
diagnosis, although only if validated IVF cycle outcomes
are similar. The results of all forms of PGT-A between testing
laboratories, however, greatly vary (54), suggesting that tech-
nical differences between laboratories and the performance of
embryo biopsies are important. Because any biopsy has the
potential to damage embryos and requires special skills (55),
embryologists may prefer a reliable cfDNA diagnostic proced-
ure. Neither teBx nor cell-free biopsy (cfBx), however, ad-
dresses the previously noted biological reality that an
embryo at the blastocyst stage has not yet reached a steady
state in terms of its chromosomal integrity. Neither teBx
nor cfBx have so far demonstrated sufficient specificity to
reliably eliminate only aneuploid embryos from transfer.

What additional evidence is needed to support the
con?

Any diagnostic test needs to have proven sensitivity and spec-
ificity before it can be incorporated into daily practice. Both
teBx and cfBx have acceptable specificity for the diagnoses
of euploidy. But when it comes to the diagnosis of aneuploidy,
both the procedures have unfortunately remained inaccurate,
best documented by the birth of hundreds of healthy infants
following the transfer of embryos previously labeled as ‘‘un-
transferable’’ based on PGT-A (34, 35, 46).

Published data have suggested that most self-correction
occurs quickly between days 5 and 8 of development (38,
52, 53). A PGT-A using cfDNA, therefore, can become more
accurate if we learn to extend embryo culture beyond days
5–6 to days 7–8 after fertilization. Cell-free biopsy with the
use of spent media from embryos on days 7–8 after fertiliza-
tion might be able to allow a more reliable assessment of em-
bryo ploidy. However, some embryos might not survive in an
extended culture, and transfer might then occur after the
optimal window for implantation.

It is astonishing that several IVF centers have already
started offering cfBx as a routine clinical practice. This can
lead to truly catastrophic consequences, as demonstrated by
a recent class action suit in Australia (56). Given the lack of
843
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How reliable is embryo cfDNA versus teDNA as a
representative of embryo chromosomal
constitution?
Following the first report of successful live births after the
transfer of embryos selected based on an analysis of cfDNA in
a culture medium (10), numerous studies have shown the high
reliability of detection and amplification of cfDNA for niPGT-
A (27). However, the assessment of copy number variation
may be hindered in some cfDNA samples because of noisy
profiles (6, 7, 13) and/or contamination due to either the cul-
ture medium’s constituents (4, 28, 29) or cumulus cells (2, 4,
30). Although typically, >95% of teBxs provide informative
results (31), NGS studies of cells obtained from disaggregated
blastocysts indicated that approximately 50% of embryos
may exhibit some level of mosaicism either among trophecto-
derm (TE) cells and/or between the ICM and TE lineage (32).
Because only a few TE cells were analyzed, mosaicism inher-
ently confounded the diagnostic accuracy of invasive PGT-A
with teBx (iPGT-A) (33), as highlighted by numerous reports
on healthy births resulting from the transfer of embryos
that were classified as ‘‘abnormal’’ based on iPGT-A (34, 35).

Because of the potential for genetic discordance between
ICM and TE, the evaluation of the relative reliability of
niPGT-A compared with that of iPGT-A for determining the
chromosomal constitution of ICM should use the correspond-
ing embryo or ICM as a control gold standard. When data
from 4 such available studies assessing cfDNA in a spent
culture medium with or without blastocyst fluid (BF) were
combined (7, 29, 36, 37; Supplemental Table 1 [available on-
line]), the false-positive rate (FPR) was significantly improved
for niPGT-A versus that for iPGT-A (P¼ .042) (Table 1). When
only 3 studies in which the medium was collected after blas-
tocyst culture (day 5 or 6 or day 6 or 7) (29, 36, 37) were
analyzed, the performance of niPGT-A was superior to that
of iPGT-A in terms of FPR (P¼ .008), positive predictive value
(P ¼ .034), and concordance for both embryo ploidy (P ¼
.039) and chromosome copy number variation (P ¼ .024)
(Table 2). These data indicated that niPGT-A was less prone
to errors associated with embryo mosaicism and was more
reliable than iPGT-A, a conclusion consistent with the 3-
proven efficacy to improve clinical pregnancy and live birth
rates (43), one is, indeed, forced to ask what, under current cir-
cumstances, the potential benefits to infertile couples are
from any form of PGT-A, whether by teBx or cfBx.
Con 2. Richard T. Scott, Jr.,
M.D., H.C.L.D.

The desire to enhance implanta-
tion rates and reduce clinical los-
ses and ongoing aneuploid
gestations has led to steadily

increasing use of PGT-A in clin-
ical practice. Evolving analytical
platforms, more rigorous valida-
tion, and the ability to vitrify em-
bryos with minimal risk have
empowered highly successful par-
adigms for screening (57). A
reduced number of transfer order, principally a single embryo
transfer, is commonly used by patients choosing PGT-A,
which greatly enhances safety without compromising its out-
comes (58).

Although the current paradigms are excellent, they still
require teBx and precise loading of the biopsied cells into po-
lymerase chain reaction tubes, of which the latter actually re-
quires the greatest technical prowess. Class I data exist that
demonstrate that this can be done safely, but it requires
training and validation (59).

In 2013, when Palini et al. (60) described the fact that em-
bryonic DNA exists in the blastocoel fluid, many investigators
saw the potential to perform PGT-A in a simpler, less invasive
way (5, 31). Although an attractive concept, the path to
niPGT-A has not been simple and is largely associated with
technical challenges and limited clinical trials. There is no
doubt that there are many barriers to successful niPGT-A.

The reality that the biology of embryo development may
make it impossible for niPGT-A to provide the same clinical
value as conventional teBx-based PGT-A is themost concern-
ing. There are data that indicate that embryos may preferen-
tially eliminate chromosomally abnormal cells by apoptosis,
which can lead to their DNA being released into the blastocoel
or spent culture media (38). Thus, the DNA in these specimens
cannot be reflective of the reproductive potential of the em-
bryo itself. Stated simply, niPGT-Aperformed on spent culture
mediamight provide a perfectly correct analytical result by the
detection of aneuploidy but may have little or no relevance to
the genetic composition of the remaining embryo and its ulti-
mate reproductive potential.

Another significant biologic barrier relates to the fact that
spent media of blastocysts with the highest reproductive po-
tential commonly fails to amplify. In fact, in a recent blinded
nonselection study evaluating the predictive value of niPGT-
VOL. 115 NO. 4 / APRIL 2021
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fold increase in ongoing pregnancy rate (>20-week

gestation) for transferred embryos classified as euploid based
on both niPGT-A and iPGT-A versus those classified as
euploid based on iPGT-A but classified as aneuploid based
on niPGT-A (6).

Is embryo cfDNA secretion related to embryo
chromosomal self-correction and/or apoptosis?

Cell-free DNA secretion is related to ploidy self-correction;
this is supported by the fact that clinical and ongoing

TABLE 1

Comparison of the performance of niPGT-A and iPGT-A for PGT-A,
regardless of the days of culture before sample collection.

Performance
characteristic

niPGT-A
(n [ 139)

iPGT-A
(n [ 138) P value

FPR 24.4% (10/41) 46.5% (20/43) .042
FNR 3.1% (3/98) 2.1% (2/95) 1.000
PPV 90.5% (95/105) 82.3% (93/113) .115
NPV 91.9% (34/37) 94.1% (32/34) 1.000
Sensitivity 96.9% (95/98) 97.9% (93/95) 1.000
Specificity 75.6% (31/41) 60.5% (26/43) .165
Concordance for

embryo ploidy
90.6% (126/139) 84.1% (116/138) .107

Concordance for
whole
chromosome CN

71.9% (100/139) 67.4% (93/138) .233

Note: The comparison includes all 4 studies assessing the performance characteristics of
niPGT-A and iPGT-A onwhole embryo from samples (spent mediumwith or without BF) after
culture from day 3 to 5, day 5 to 6, or day 6 to 7. P values were derived using the chi-square
and Fisher’s exact tests, with P< .05 considered statistically significant. BF¼ blastocyst fluid;
CN ¼ copy number; FNR ¼ false-negative rate; FPR ¼ false-positive rate; iPGT-A ¼ invasive
preimplantation genetic test for aneuploidy; niPGT-A¼ noninvasive preimplantation genetic
test for aneuploidy; NPV¼ negative predictive value; PPV ¼ positive predictive value; PGT-A
¼ preimplantation genetic testing for aneuploidy.

Rubio. To invade or not to invade?. Fertil Steril 2021.

TABLE 2

Comparison of the performance of niPGT-A and iPGT-A for PGT-A
using samples collected following blastocyst culture.

Performance
characteristic

niPGT-A
(n [ 102)

iPGT-A
(n [ 100) P value

FPR 21.7% (5/23) 62.5% (15/24) .008
FNR 1.3% (1/79) 0.0% (0/76) 1.000
PPV 94.0% (78/83) 83.5% (76/91) .034
NPV 95.5% (21/22) 100.0% (18/18) 1.000
Sensitivity 98.7% (78/79) 100.0% (76/76) 1.000
Specificity 78.3% (18/23) 50.0% (12/24) .069
Concordance for

embryo ploidy
94.1% (96/102) 85.0% (85/100) .039

Concordance for
whole
chromosome CN

81.4% (83/102) 67.0% (67/100) .024

Note: The comparison includes 3 studies assessing the performance characteristics of niPGT-
A and iPGT-A on whole embryo after the collection of samples (spent medium with or
without BF) at the blastocyst stage (culture day 5 to 6 or day 6 to 7). P values were derived
using the chi-square and Fisher’s exact tests, with P < .05 considered statistically significant.
BF¼ blastocyst fluid; CN¼ copy number; FNR¼ false-negative rate; FPR¼ false-positive rate;
iPGT-A ¼ invasive preimplantation genetic test for aneuploidy; niPGT-A ¼ noninvasive pre-
implantation genetic test for aneuploidy; NPV ¼ negative predictive value; PPV ¼ positive
predictive value; PGT-A ¼ preimplantation genetic testing for aneuploidy.
Rubio. To invade or not to invade?. Fertil Steril 2021.
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A for sustained implantation rate (the gold standard for any
PGT study), the implantation rates were higher in the failed
amplification group than those in the euploid group (61).
This suggested that the highest-quality embryos likely shed
fewer apoptotic cells and, thus, have less DNA available in
the spent media, which compromises the analytical process.
A test in which embryos with the best prognosis are classified
as having ‘‘no result’’ is not clinically useful because it cannot
be used to safely direct selection. The no-result group still
contains aneuploid embryos that put patients at a risk of
adverse outcomes.

It is worth commenting on the reports that have demon-
strated that the average DNA content in spent media is suffi-
cient to provide a reliable analytical result (62). The reality is
that the mean level may be sufficient, but it is not clinically
relevant. Clinicians and embryologists need reliable results
for all evaluable embryos; thus, a useful technique requires
that R98% of samples have sufficient DNA to provide an
analytical result. Such a high threshold is chosen because
the level of efficiency has already been clinically shown using
trophectoderm-based PGT-A, which is already being per-
formed safely in many programs around the world. There is
no reason to compromise and accept a poorer performing
approach.

The issues with the reliability of the analytical platforms
with these very small quantities of DNA remain to be refined
and validated. Many technical questions remain to be solved
using large prospective studies. What type of amplification
should be used? Most investigators have used whole-
genome amplification, but this technology may be quite un-
reliable because of very limited quantity of starting material.
Is it necessary to sample the blastocoel fluid and spent media?
What is the best timing for sample collection? Obviously, not
all embryos will be in the developmental stage at the same
time. Does that mean that embryologists have to follow these
embryos throughout days 5 through 7 and collect and load
these samples at multiple times for each patient? That would
be extremely challenging logistically.

The timings of media change and duration of exposure of
the embryo are also associated with many challenges. Some
investigators have suggested that the best samples are ob-
tained from media used to culture embryos from days 4 to 6
(7). Of course, this will mean extra manipulation in the labo-
ratory on day 4 and the necessity to continue culture to day 6
even if the optimal time to vitrify the embryo is on day 5. How
much volume should embryos be cultured in? Is it necessary
to sample the blastocoel? Large, well–designed, prospective
studies need to be conducted to compel embryologists and cli-
nicians about the safety, efficacy, and optimization of these
techniques. Currently, no such large comparative studies are
available.

In conclusion, it is worth commenting on the types of
data that should be published before the clinical implementa-
845
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pregnancy rates were higher following the transfer of em-
bryos classified as euploid based on iPGT-A but without
cfDNA detected in their BF compared with the transfer of
those with BF cfDNA detected (38) and that in a murine model
(39), the frequency of apoptosis in ICM of aneuploid cell
clones was increased compared with that of ICM of euploid
clones (41.4% vs. 19.5%, respectively, P< .0001); both the fre-
quencies were much higher than those in their TE counter-
parts (3.3% vs. 0.6% for euploid and aneuploid clones,
respectively, P< .001).

The apoptotic origin of cfDNA was supported by the
finding that BF cfDNA comprises 2 peaks, a dominant peak
of 160–220 base pairs and another of 300–400 base pairs
(40). Of note, the length of the dominant peak is similar to
that of circulating cfDNA originating from apoptotic
placental trophoblast cells (41, 42).

What are the reasons that the noninvasive model
will prevail or not over the invasive model?

niPGT-A will prevail over iPGT-A because of the following
reasons: available evidence has indicated the performance su-
periority of niPGT-A over that of iPGT-A (Table 2) and, there-
fore, greater reliability of niPGT-A for the determination of
embryo karyotype; 1 randomized controlled trial (RCT) eval-
uated the efficacy of iPGT-A compared with morphological
selection, revealing a limited and age-dependent benefit,
with implantation rates being increased only in women
aged 35–40 years and no benefit in women aged <35 years
(women aged >40 years were not included in the trial) (43);
and the practical limitations of niPGT-A include the fact
that niPGT-A effectively addresses the potential for sample
loss in iPGT-A because of the exclusion of poor-quality em-
bryos not suitable for biopsy and the possibility of embryo
damage during the biopsy itself; there is no need for embryo
biopsy training; and medium collection is easier to
standardize.

What additional evidence is needed to support the
pro?

More robust data with larger sample sizes are needed to
confirm the current data that niPGT-A is less prone to errors
associated with embryo mosaicism and is more reliable than
iPGT-A for determining embryo ploidy. Technological im-
provements using single-cell genomics and single-cell mul-
tiomics sequencing to detect maternal contamination will
lead to advances in this field. The standardization of proto-
cols, including medium collection, technological platforms,
amplification, and screening algorithms, is required,
including establishing standard mosaicism threshold levels
to minimize false mosaic calls caused by noisy profiles (7),
indicating that these thresholds likely differ for media
846
tion of niPGT-A. Studies correlating niPGT-A results with
those of traditional PGT-A are not sufficient. This is especially
true when most of the PGT-A analytical platforms have not
been fully validated. Research that compares their results to
those of PGT-A of ICM or multiple teBxs are interesting and
will provide a valuable insight into the biology of human em-
bryonic development; however, they are simply inadequate to
justify the clinical application of niPGT-A.

At a minimum, a prospective blinded nonselection study
demonstrating the predictive value of both euploid and aneu-
ploid results should be published. This should be followed by
RCTs that show that the enhanced selection actually improves
the sustained implantation rates. The latter is critical because
most of the best embryos are unlikely to provide a result and
may lead to patients becoming cautious and assisted repro-
duction technology team members deprioritizing them. It is
extremely important that these studies be done. That is true
whether or not niPGT-A is used by itself or as an adjunct to
teBx-based PGT-A.

It seems likely that at some point in the future, niPGT-A
will be an important clinical tool. A long and complex journey
will be required before its clinical implementation. The
adverse consequences of early implementation are more
than just a theoretical concern—they are already a reality (63).
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collected from day 3 or 4 to day 5 versus that collected from
day 5 to day 6. With such standardizations, a multicenter RCT
that assesses miscarriage rates, prenatal diagnostic screening,
live birth rates, and, ideally, long-term follow-up is needed to
confirm the accuracy and safety of niPGT-A. If the RCT data
favors niPGT-A, artificial intelligence based on machine
learning can be used to integrate this technology with con-
ventional morphologic grades as well as time-lapse and pa-
tient information to further advance the evaluation of the
implantation potential of each embryo.

The authors thank Lei Huang, Ph.D., for her assistance in
determining some of the values in Table 1.
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